Numerically, the CP violating compared to CP conserving parts of the latter terms are close to results calculated on the basis of the lowest order "Penguin" diagram.
Introduction
In the standard six quark model with charge +2/3 quarks u,c, and t and charge -l/3 quarks d,s, and b the left-handed quarks are assigned to weak isospin doublets and the right-handed quarks to weak isospin singlets of the SU(2) 0 U(1) gauge group of weak and electromagnetic interactions.
The mixing between quarks in doublets characterized, say,
by their-charge +2/3 members, is describable by three Cabibbo-like angles el, e2, and e3, and by a single phase, 6, which results in CP violation.
The nonleptonic weak interaction that can result in a net change in quark flavors is given to lowest order in weak interactions, and zeroeth order It is the CP violating pieces of the effective nonleptonic Hamiltonian which are of special interest to us in this paper.
In a previous paper' we have raised the possibility that the diagram in Fig. 1 (the so-called "Penguin" diagram) gives rise to a term HPenguin in the effective Hamiltonian that yields amplitudes for strange particle decay with important CP violating parts. Other analyses 3, 436 claim that such "Penguin" type terms make a major contribution to the amplitudes for K decay into pions and are responsible for the AI = $ rule. Assuming this we showed that in the six quark model the magnitude of CP violation arising from the contribution of the matrix element of HPenguin to the decay amplitude is comparable to that coming from the mass matrix. It followed that the six quark model yields predictions for the CP violation parameters of the kaon system (in particular E'/E) which are distinguishable from those of the superweak model.
Two questions could be asked about the validity of using Fig. 1 The standard choice of quark fields is such that'
where c i =co&. , si=sinei, i E {1,2,3). Equation (1) 
and g is the gauge coupling constant of the weak SU(2) subgroup. With no strong interactions the lowest order weak current-current interaction at zero momentum transfer is described by the effective Hamiltonian density (4) so that the Fermi coupling GF/fi = g2/(8g).
In particular the strangeness changing piece of Eq. (4) is
where we have made the color indices c1 and 6 on the quarks (which when repeated are summed from 1 to 3) explicit in preparation for the inclusion of the strong interactions. It is convenient to rewrite Eq. (5) as
and AC = S1c2(C1c2c3 -s2s3e -ib > (84 
The y(&) characterize the anomalous dimension of the operators 0 e> with q
The function B(g) has the perturbation expansion: 15 q=c or t.
where Nf (which equals 6 here) is the number of quark flavors. A standard one, loop claculation 11 shows that y(') (g) has the perturbation - We assume that mt is much greater than all other quark masses, the momenta of the external states, and the renormalization point mass, u.
The work of Appelquist and Carrazone 17 tells us that to order l/m: all the dependence of amplitudes on the heavy t quark mass can be absorbed into renormalization effects and hence into a redefinition of the coupling constant, mass parameters, and scale of operators. This suggests the following factorization:
where the primed matrix elements are evaluated to all orders in an To carry out the expansion of Eq. (19) in leading log approximation we find that six linearly independent operators Oi are sufficient. We choose them as follows:
These operators are sufficient since they close under renormalization at the one loop level. The operators Ol and O2 already occur to zeroeth order in strong interactions: we read off from Eq. (7) that
The operators 03, 04, 05, and 06 are generated by the strong interactions through "Penguin" type diagrams, so that in free field theory
However, the operators Oi are not multiplicatively renormalized at the one loop level, i.e., they mix among themselves. is found in the appendix along with its eigenvalues and the matrix V.
For the g(') i (mt/p,g), the renormalization group equation corresponding to Eq. (22) is
The solution to this equation may be found with the aid of the running coupling constant g(y,g) defined by1
with g(l,g)=g.
Note that this is not the usual definition of the running coupling constant (Eq. (13)), but the integrand in Eq. (25) for small x has the same leading behavior given by l/B(x) as the integrand in Eq. (13). Setting y = mt/u, it is now easily shown that the solution of Eq. (24) is
,f3' is the beta function in the effective theory with 5 quarks and coupling g'. This beta function has the perturbation expansion 93 f3'(g') = -(33-2Nf) 5 + a(g'5> (27) 481r
with Nf = 5, and we write YfW 2a; --=-f finite terms at x= 0 .
B' w X Choosing u as before, above the onset of scaling, we may use Eqs. (15) and (28) In leading log approximation the coefficients Bf')(l,g) can be replaced by their free field values as given in Eq. (21), since no large logarithms can be generated from QCD loop integrals with the first argument of Bi (+I (y/u, g> set equal to unity and because we assume the running fine structure constant is small at the t quark mass.
(+> The case of the operators Oc is much simpler.
The charm quark field which appears explicitly in these operators is of course not directly affected at this stage of considering the t quark as very heavy and the O(+) are C just multiplicatively renormalized:
Note that the matrix elements on the right-hand side are again to be evaluated in the effective five quark theory with coupling g'(mt/u,g).
The coefficients B (+) (m,/p, g> satisfy
The anomalous dimension y 1(+-j (g') is that of O(') and is a function of C the coupling g' in the effective five quark theory, while y (')(g) depends on g, the coupling in the six quark theory.
Solving Eq. (32) in the same manner as Eq. (24), gives
In leading log approximation B field value of +l.
can be replaced by its free
Our effective weak Hamiltonian density is now free of explicit dependence on the heavy t quark field and has the form: 
(four) quark theory. The C$n//p,g') can be shown to obey an equation of the form
with y' and y" being anomalous dimension matrices of the operators Ol ,...,06 and PI, . . . . P6, respectively.
Defining the linear combinations of coefficient functions (38) as corresponding to operators which are multiplicatively renormalized, .
i.e., do not mix with other operators, the renormalization group equations diagonalize into the form
The matrices W and y" together with the eigenvalues of the latter are found in the appendix.
With the aid of a new running coupling defined by
very analogously to Eq. (24). We leave out these equations may be solved (40) some of the details and skip to the solution in the leading logarithmic approximation:
For reasons stated before, in a leading log calculation the coefficients Ct(l,g') can be replaced by their free field values: The free field values, ,;+) z f) (l,(I), are Dt') = ?l, Di') = +l, and all others zero.
We are finally ready to collect all our results and write the previously advertised effective Hamiltonian in the "light" three quark sector.
It is the following sum of Wilson coefficients times local four-fermion operators which do not explicitly involve the heavy W-boson, top, bottom, and charm quark fields:
All summations are from 1 through 6, except those over p,q, and r which run through 1,2,3,5, and 6.
III. Numerical Results for the Effective Nonleptonic Hamiltonian
We are now in a position to perform the arithmetic operations made explicit in Eq. (53) To investigate the effective nonleptonic Hamiltonian numerically we first of all need to decide on the running QCD fine structure constant a (Q2>, the values of the heavy quark masses, and p 2 or alternately a(u2).
In leading log approximation
where we take A 2 = 0.1 GeV2, a value consistent with recent data when QCD is used to parametrize the breakdown of scale invariance in deep inelastic neutrino scattering. 20 When the leading log approximation is valid, the calculation is insensitive to the precise value of A. The number of quark flavors is Nf =6 for the fine structure constant we have called a(Q2), while a'(Q2), a"(Q2), and a"'(Q2) have Nf=5,4, and 3
respectively, as they pertain to effective theories with those corresponding numbers of quark flavors.
We take mc to be 1.5 GeV and mb to be 4.5 GeV on the basis of $ and T spectroscopy. 
along with the other masses specified previously.
Values of the co-efficients for all six cases corresponding to a(u2) =0.75, 1.0 and 1.25 and m ,=15 GeV and 30 GeV are found in Table I .
Referring back to Eq. (5), we see that before accounting for the effects of QCD, the coefficients of the usual four-fermion operator Q,, as well as the "Penguin" induced operators Q,,Q, and Q 6 were all zero.
In the sector involving u,d, and s quarks the strangeness changing weak This is in addition to CP violating effects which occur in the mass matrix in the six quark model. We recall that for the K"-K" system, calculation of the contribution to the mass matrix given in Fig. 2 leads Irn M12 E = mRe M12 = 2s2c2s3 sin6 P(3, , 11) (57) with - 
where 6 0 is the I=0 strong interaction ITIT phase shift. A similar (6 = 0) definition applies to the amplitude A2 for K" -f ITT (1=2).
When s2c2s3sin6 # 0 and CP is violated, an inspection of the coefficients of the operators Q, and Q 2 immediately shows that the ratio of their imaginary to real parts is N 10 -2 s2c2s3sin6. This is not true for the "Penguin" type operators Q,,Q, and Q, where the corresponding ratio is N s2c2s3 sin 6. If these later operators contribute at all significantly to K" decay, clearly they will yield the largest CP violating effects in these amplitudes. We recall in particular that matrix elements of Q, are supposed to be especially large and important in decays like K" -+ RIT involving final state pions.
Let f be the fraction24 of the K" -t ITIT (I=O) amplitude arising from the "Penguin" type operator Q,. Then the total amplitude for K" -t ITT (I=O) when Sf;O is to a good approximation,
where C 6 is the coefficient of Q, in the effective nonleptonic Hamiltonian.
we have *0
since 5 is small.
The standard convention that A0 is real 27 may be accomplished by redefining the phases of the K" and K" states: 
Values of the parameter 5, which enters the CP violating parameters E and c' are given in Table II for the different choices of m t and a(n2) discussed previously. Also, in Table II Table II is calculated to zeroeth order in QCD.
The QCD radiative corrections to ReM12 have been calculated 2,31 in the 4 quark model using the leading log approximation and were found to be negligible. In view of this it is perhaps not unreasonable to assume that QCD radiative corrections to sm are also small. In what follows we shall make this assumption.
The parameter s;/(s,c,s, sin&) is always negative and of order unity.
As such, 25 is comparable in magnitude and opposite in sign to cm, leading to comparable contributions from decay amplitudes (25) and the mass matrix (cm) to the CP violation parameter E. However, the phase 6 may be freely adjusted to fit the experimental magnitude and sign 10 of c and no quantitative test of the contribution from sm or 25 is possible from E alone.
But in s'/e the common factor s2c2s3 sin6 cancels out and predictions dependent on only 25/'zrn follow. In Table II 
